Studies suggest that ACE-inhibitors (ACE-I) and angiotensin receptor blockers (ARBs) may preserve skeletal muscle with aging. We evaluated longitudinal di erences in lean body mass (LBM) among women diagnosed with hypertension and classi ed as ACE-I/ARB users and nonusers among Women's Health Initiative participants that received dual energy X-ray absorptiometry scans to estimate body composition (n � 10, 635) at baseline and at years 3 and 6 of follow-up. Of those, 2642 were treated for hypertension at baseline. Multivariate linear regression models, adjusted for relevant demographics, behaviors, and medications, assessed ACE-I/ARB use/nonuse and LBM associations at baseline, as well as change in LBM over 3 and 6 years. Although BMI did not di er by ACE-I/ARB use, LBM (%) was signi cantly higher in ACE-I/ARB users versus nonusers at baseline (52.2% versus 51.3%, resp., p � 0.001). ere was no association between ACE-I/ARB usage and change in LBM over time. Reasons for higher LBM with ACE-I/ARB use cross sectionally, but not longitundinally, are unclear and may re ect a threshold e ect of these medications on LBM that is attenuated over time. Nevertheless, ACE-I/ARB use does not appear to negatively impact LBM in the long term.
Introduction
Sarcopenia, de ned as a progressive loss of skeletal muscle mass, is a signi cant public health concern linked to diminished quality of life, disability, and even mortality in older adults [1, 2] . Investigating strategies to increase muscle mass or minimize losses in older adults is important and a bourgeoning area of research [1, 2] . Correspondingly, within older populations, antihypertensive medications, such as ACE-inhibitors (ACE-I) and angiotensin receptor blockers (ARBs), are regularly prescribed to those at risk for or diagnosed with hypertension and cardiovascular diseases (CVDs) [3] . Interestingly, these medications target angiotensin II, a protein upregulated in hypertension and CVD, which has been associated with a phenomenon called cardiac cachexia, in which the skeletal muscle mass is lost more rapidly than would be expected under normal aging conditions [4] . us, ACE-I and ARBs, respectively, may help to preserve lean body mass (LBM) among older adults. Studies suggest that these medications not only target smooth muscle relaxation, aiding in blood pressure control, but also have a direct positive e ect on skeletal muscle [2, 4, 5] .
e extent of ACE-I and ARB mechanisms of action on muscle is not fully understood; the potential favorable e ects of these medications on muscle mass and function could inform on the best options for blood pressure control, particularly for older individuals [5] . In fact, the Health ABC study, including >2400 elderly males and females, found that larger lower extremity muscle mass was associated with ACE-I use [6] . Meanwhile, functional studies related to skeletal muscle performance have yielded mixed results. For example, the Women's Health Initiative (WHI) found no associations between ACE-Is and frailty, physical performance, and strength with 3 and 6 years follow-up, respectively [7, 8] . Similarly, Health ABC found no association between ACE-I and risk of mobility limitations over 6.5 years [9] . In contrast, the Women's Healthy Aging Study found positive associations between ACE-I, muscle strength, and walking speed at 3 years, even after adjusting for cardiovascular events [10] . Unfortunately, these prior analyses were limited to those over the age of 65 years, and none of them directly evaluated LBM prospectively. However, hypertension, commonly treated with ACE-I/ARBs, is present in 34% of US adults aged 45-64 years [11] .
Fortunately, a subset of WHI participants (n � 10, 635) completed repeated body composition over six years. Of those with DXA scans, 2642 self-reported being currently treated for hypertension. e aim of the present analysis was to evaluate baseline di erences in LBM among ACE-I/ARB users and nonusers and to determine if longitudinal changes in LBM are associated with ACE-I/ARB use among postmenopausal women. We hypothesized that taking antihypertensive medications, speci cally ACE-I and ARBs, would be associated with higher LBM and preservation of LBM with aging.
Methods

Study Population.
Between 1993 and 1998, healthy postmenopausal women aged between 50 and 79 years were enrolled in the WHI clinical trials and observational study at 40 clinical centers across the U.S. (n � 161, 808) [12, 13] . A subcohort consented to complete body composition measurements at the WHI clinical centers in Pittsburgh, PA; Birmingham, AL; and Tucson-Phoenix, AZ (n � 11, 020) [14] . All participants with body composition at baseline and for whom medication information could be ascertained were included in the analysis (n � 10, 635); of those, 2642 were treated for hypertension at baseline.
e protocol and consent forms were approved by the institutional review board at each site, and all participants provided written informed consent. Study design and participant characteristics have been described in detail elsewhere [12, 13, 15] . 
2.4.
Covariates. Potential covariates were initially identi ed from published literature evaluating body composition and medications. Self-report questionnaires were used to determine demographic characteristics, health history, and lifestyle behaviors, such as age, neighborhood socioeconomic status (NSES) [18] , race/ethnicity, dietary energy consumption (kcal/day) [19] and quality (Healthy Eating Index, HEI 2005) [20] , physical activity (MET-hr/wk) [21] , physical function [22] , smoking (pack-years), and alcohol use. Polypharmacy categories (0-4 or ≥5 medications) were created utilizing all reported medications. Weight (kg) and height (cm) were measured during clinic visits on a balance-beam scale and wall-mounted stadiometer, respectively. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 .
Statistical Analysis.
Baseline characteristics were compared between ACE-I/ARB users and nonusers by t-test for continuous variables and chi-square tests for categorical variables. Within the full DXA cohort (n � 10, 635), key potential confounding variables were found to be clinically and statistically signi cantly di erent between ACE-I/ARB users (n � 944) and nonusers (n � 9691). ACE-I/ARB users were signi cantly older (2 years), physically larger (2.0 kg/m 2 ), and more racially/ethnically diverse and reported less education, poorer health, lower alcohol consumption, lower hormone therapy use, lower physical activity, lower energy intake, and greater use of other CVD-related medications than nonusers (p ≤ 0.005; data not presented).
erefore, the present analysis is primarily focused on those reporting being treated for hypertension at baseline (n � 2642), to better evaluate the di erences between ACE-I/ARB users (n � 782) and nonusers (n � 1860) rather than the di erences between those treated for hypertension and those without hypertension. All analyses were repeated in the full cohort for comparison.
e cross-sectional association between ACE-I/ARB use and LBM at baseline was assessed by linear regression. Absolute and relative changes in LBM from baseline to year 3 or year 6 based on exposure to ACE-I/ARB during the rst three years of the study period were evaluated using multivariate-adjusted linear regression models and the ACE-I/ARB use classi cations above. Covariates were scanner serial number; clinical trial arm; self-reported age, race/ethnicity, smoking, physical activity, history of diabetes treatment, history of arthritis, cancer, CVD, depressive symptoms, HRT use (never, past, and current), general health (excellent, very good, good, or fair/poor), physical function (dichotomized as <90 or ≥90 points), dietary energy, dietary protein, and HEI; polypharmacy; SES; and clinic measured systolic and diastolic blood pressure and height at baseline. Models evaluating change in LBM were further adjusted for baseline lean mass measure and year 3 physical activity. e e ects of new use of either drug at year 3 on change in LBM and aLM between years 3 and 6 were explored in similar models. New users were de ned by ACE-I/ARB use reported at year 3 but not at baseline (n � 174), which was compared to no ACE-I/ARB use reported at baseline nor year 3 (non-users, n � 837). Due to the high levels of missing data among covariates, multiple imputation with chained equations was employed to ll in the gaps [23] . e imputation model used all variables listed above as covariates. Twenty complete datasets were created, analyzed, and combined. All statistical analyses were conducted using Stata 15.1 (StataCorp, College Station, TX), and signi cance was set at p < 0.05.
Results
Among those being treated for hypertension (n � 2642), there were signi cant di erences between ACE-I/ARB users (n � 782) and nonusers (n � 1860) in terms of age, SES, race/ethnicity, smoking status, or hormone therapy use (Table 1) . Users had slightly higher systolic, but not diastolic, blood pressure and were more likely to be treated for diabetes, prescribed a greater number of medications (polypharmacy), and reported lower general health. Diet quality was higher among users. Absolute body size and composition were not signi cantly di erent at baseline between users and nonusers; however, TBF (%) was 0.8% higher and LBM (%) was correspondingly lower among nonusers at baseline.
Total body lean mass (kg) was signi cantly greater among ACE-I/ARB users compared to nonusers in fully adjusted models at baseline (Table 2; Percent LBM and aLM were also signi cantly greater among ACE-I/ARB users than nonusers (β: 0.76, SE: 0.26 and β: 1.08, SE: 0.28, resp.; both p < 0.01).
Baseline ACE-I/ARB use was not signi cantly associated with total LBM or aLM change in between baseline and the year 3 visit. However, a substantial proportion (21%) of participants did not have data available at year 3, and these women were di erent from those with follow-up data with regard to several baseline characteristics. Women lacking follow-up data were signi cantly older with lower NSES, lower physical activity, higher systolic blood pressure, higher BMI, and lower HEI than women with follow-up data. Additionally, those without follow-up were more likely than those with follow-up data to be black or Hispanic, smoke currently or previously, take 5+ prescription medications, and have diabetes, arthritis, or depressive symptoms. Furthermore, women lacking follow-up data had signi cantly worse physical functioning and general health than women with follow-up data. ere were no signi cant di erences between these two groups of women with regard to personal history of cancer or cardiovascular disease or dietary energy or protein (data not shown).
Similarly, change in total LBM or aLM was not di erent between ACE-I/ARB use categories over 3 years and 6 years ( Table 3 ). All analyses related to change in lean mass comparing ACE-I/ARB users to nonusers, regardless of hypertensive status, were repeated using the full DXA cohort (n � 10, 635), and results remained null (data not presented).
Discussion
Within the largest and most diverse prospective study of postmenopausal women with body composition information, we found ACE-I/ARB use to be signi cantly associated with higher LBM in cross-sectional analyses. However, ACE-I/ARB use among hypertensives was not associated with change in LBM or aLM longitudinally. e higher lean mass with ACE-I/ARB use that was demonstrated cross sectionally, but not longitudinally, herein could re ect a threshold e ect of these medications on LBM that is attenuated over time. e fact that ACE-I/ARB use did not negatively impact LBM long term is important clinically in that it does not deter clinicians from prescribing these medications long term. Reducing angiotenin II or its activity via ACE-I and ARBs, respectively, was hypothesized to preserve LBM in postmenopausal women, a population that losses signi cant LBM annually through the end of life [24] . Health ABC ndings of greater lower extremity LBM in older persons using ACE-I cross sectionally, similar to the cross-sectional di erences in ACE-I/ARB users versus nonusers herein, suggest LBM as a possible explanation of the bene ts of ACE/ARB use in wasting syndromes [6] . However, no longitudinal e ects on LBM were demonstrated within the WHI. Results from a previous analysis of 25% random sample of WHI clinical trial participants aged ≥65 demonstrated no di erence in mean Model 2 further adjusted for age, neighborhood socioeconomic status, race/ethnicity, smoking, physical activity (baseline and year 3), systolic blood pressure, diastolic blood pressure, height, diabetes, polypharmacy, depressive symptoms, arthritis, cancer, cardiovascular disease, hormone replacement therapy use, general health, physical function, dietary energy, dietary protein, healthy eating index, and clinical trial arm(s). Multiple imputation was used to ll in missing values for covariates (see Methods for details and Table 1 footnote for missing data frequencies). annual change in function over time among hypertensives taking ACE-I compared to nonusers [8] . Similar null e ects on grip strength were reported for the Hertfordshire Cohort Study (n � 639, 50% female, aged 65 yrs) for ACE-I use [25] .
e robust measure of body composition, detailed characterization of the cohort, broader age range, diversity, and large sample size were strengths of the present analysis. Similar results across LBM and aLM indicate that health conditions that may in uence LBM measures by DXA, such as organ enlargement with serious health conditions, did not signi cantly in uence results.
Accounting for body size was important, with height being a major confounder, signi cantly increasing the point estimate. Limiting to hypertensive individuals in the primary analyses and separately evaluating results by BMI strata further minimized the potential for cross-sectional associations between LBM and ACE-I/ARB to be due to larger body sizes typically associated with hypertension and CVD. Lifestyle factors (e.g., diet and physical activity) were included in the models to minimize behavioral confounding. It is important to note that we adjusted for other important covariates such as race/ethnicity, blood pressure, diabetes treatment, and polypharmacy given that clinical guidelines have begun to di erentiate treatment strategies based on various characteristics such as hypertensive stage at presentation, race, diabetes, and other comorbidities [26] .
Limitations.
e present analysis cannot be applied to men or younger women. Minimal overlap between DXA and physical function subcohorts precluded concomitant evaluation. Comparisons between drug classes and monotherapy versus combination therapy (i.e., ACE-I combined with thiazide) were limited by power and prescribing patterns of the time [27] , similar to other large studies [6] . Patients prescribed an ACE-I commonly switch to an ARB and vice versa depending on side e ects and may do so several times during the course of treatment.
erefore, although we recognize that the medications may have different e ects, beyond the hemodynamic e ects for which they are prescribed, we could not adequately account for crossovers given the periodicity of medication monitoring within WHI, and we examined both antihypertensive medications in combination. In addition, we did not have information on the doses prescribed or taken, prohibiting examination between dose and LBM.
ough multiple imputation was employed to account for missing covariates, di erences between participants lost to follow-up and those remaining in the analysis may have introduced some bias.
Nevertheless, ACE-I and ARB medications continue to be routinely prescribed early in the medical management of CVD, heart failure, and hypertension, particularly if the patient presents with stage 2 hypertension [26, [28] [29] [30] . We expect that new medications, including those that a ect the Renin-angiotensin-aldosterone system (e.g., angiotensin II receptor blocker neprilysin inhibitors) [31] will be increasingly incorporated in the management of hypertension. We could not examine these newer medications. Comparisons between medications in relation to their e ects on body composition should continue and will be facilitated by the advent of an ICD-10 Code speci c to sarcopenia (M62.84, as of Oct. 1, 2016).
In conclusion, our results support the use of ACE-I/ARB use without concern for deleterious changes in LBM among hypertensives. New cohorts are needed to determine if there are di erences in the e ects on LBM between the two common antihypertensive medications examined here, as well as newer medications.
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